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ABSTRACT   
The work is dedicated to the segmentation problem of human nasal airways using Cone Beam Computed Tomography. 
During research, we propose a specialized approach of structured segmentation of nasal airways. That approach use 
spatial information, symmetrisation of the structures. The proposed stages can be used for construction a virtual three 
dimensional model of nasal airways and for production full-scale personalized atlases. During research we build the 
virtual model of nasal airways, which can be used for construction specialized medical atlases and aerodynamics 
researches. 
Keywords: analysis, cone beam computed tomography, DICOM, image processing, nasal airways, structural 
segmentation 
 
1. INTRODUCTION  
Research of breathing parameters is an important task for understanding of process of nasal aerodynamics1-4. One of the 
most important characteristics which determine the aerodynamics of breathing process is geometry of nasal cavities5-9. 
Main source of data which can represent internal structure of living biological objects in medical practice is CT and 
MRI10-13. At the same time for researching of nasal airways and paranasal sinuses one of the most precise techniques is 
cone beam computed tomography, which has many advantages14-16. Building of three-dimensional model of investigated 
structures using manual segmentation is very time-consuming approach. If we take near 400 slices of cone beam 
computed tomography, user need to make manual segmentation on each of these slices, and also, their must know 
anatomical structure of that slices. At that it is necessary to develop technique for automated structured segmentation of 
nasal airways and paranasal sinuses. A solution of that problem must allow determine a three-dimensional structure and 
parameters (like airflow resistance) of personalized nasal airways. That must allow to do personalized analysis and 
research of patients from different points of views. The resulted three-dimensional model can be used for virtual 
visualization of spatial structure, and for full-scale researches (using 3d printing technologies)17-19. 
 
2. REVIEW OF THE STATE OF THE ART 
The image segmentation is a wide class of tasks in different fields. Nowadays, many researches worked on the tasks of 
image segmentation for different applications. One of the most complicated and one of the most important fields is a 
segmentation of anatomical structures. Initial data are introscopic images of different nature. At the same time, we need 
to take into account that for different nature of image and for different segmented structures we can use different 
approaches for segmentation. Some works20-22 focus on application multilevel segmentation using Otsu thresholding. 
One of the most interesting methods of segmentation is the level set approach.  
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One of the main disadvantages of those methods is a necessary to use the initial contour. For example, another work23 is 
devoted to excluding those problems. One of the most important tasks is the segmentation of nasal airways and nasal 
sinuses. At the same time we need to evaluate quality of segmentation. Also, some works are devoted to the quality 
evaluation24. 
 
3. THE PURPOSE AND OBJECTIVES OF THE STUDY 
The automated segmentation of nasal airways and paranasal sinuses are very important task for reconstruction of 
individualized three-dimensional model of patient. That model can be used for solving the main problem - modeling of a 
nasal breathing34-35. This model should take into account possible results of surgery intervention. Therefore the main task 
of the work is automation of the segmentation process of nasal airways and paranasal sinuses on the slices of cone beam 
computed tomography36-39. We also need to take into account that it is necessary to make structured segmentation (a need 
for making analysis of anatomical composition of nasal cavities). At first, we need to make segmentation of meatus nasi 
inferior, meatus nasi medius, meatus nasi superior, sinus maxillaris, sinus frontalis, sinus sphenoidalis and sinus cellular 
ethmoidales. 
 
4. DEVELOPMENT OF THE METHOD OF STRUCTURED SEGMENTATION OF THE 
NASAL AIRWAYS 
All data presented in DICOM study. The initial data is a set of cone beam computed tomography. A slice was conducted 
on a Pax-Duo3D by Vatech company. Data was conducted in the standing position (DICOM tag 0018:5100 is equal to 
“STANDING” value). The scanning region is presented in Fig. 1. The slice thickness (DICOM tag 0018:0050) is equal 
to 0.20 mm. The measurement parameters: KVP = 86 tube current AI = 6400 mA. The pixel spacing 0.20 mm / 0.20 
mm. The width and height of slices are equal to 600 px. Fig. 2. shows an example of a slice of a cone beam computed 
tomography. 
 a) b) 
        
Figure 1. Scanning region example: a) schematically view; b) real sagittal view. 
 
 
Figure 2. An example of a slice of a cone beam computed tomography. 
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For segmentation we propose the following slice processing workflow (Fig. 3.). 
 
 
Figure 3. The main stages of the slice processing. 
For the determination of a slice position (slice classification) we propose to use an approach presented by Avrunin et 
al.25. Stage of preliminary segmentation must divide slice in two segments: airways and paranasal sinuses, and all the 
others (Fig. 4.).  
 
Figure 4. The preliminary segmented slice. 
For this purposes we use level thresholding (1). Because our structures (sinuses and airways) contain airway, we can 
divide that structures from others using scale of Hounsfield: 
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where x, y are pixel coordinates, Iin, Iout are input and output slices, T is a threshold. To divide segmented image into 
isolated pixel groups we use morphological erosion operator. This procedure allows to break thin part of images (Fig. 5.). 
 
Figure 5. The divided slice. 
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Based on the information about the slice class (slice position) for each group of pixels (region of pixel), we can add 
semantic information about a structure name. For example, we know a spatial position of the anatomical structure on a 
slice with a special class (Fig. 6.). 
 
Figure 6. Spatial information for a slice: MS is a maxillary sinus; SS is a sphenoid sinus; AW is an airway. 
At this stage, for each pixel group we calculate a centroid of the group: 
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where Cx, Cy define a center of a pixel group, N is a count of pixels in the group, xi, yi are coordinates of the ith pixel. For 
each centroid, we find best (nearest) probably anatomical structure using Euclidian distance: 
 2 2( ) ( ) ,j jx x y ydist G C G C= − + −  (3) 
where Gx, Gy are coordinates (at the spatial information slice) of some anatomical structure j. At the final stage (Fig. 7.), 
we have marked groups of pixels (superpixels). We eliminate some groups (based on a slice level information and 
statistical characteristics of a group). We need to divide some groups using information from other slices. 
 
Figure 7. Segmented slice at the final processing stage. 
 
5. RESULTS AND DISCUSSION 
The developed technique for structured segmentation of nasal structures can segment most of nasal structures. But 
presented technique has some disadvantages. One of them is a necessary to select threshold T (1) at the stage of 
preliminary segmentation (Fig. 8.). This value can be varied in many disorders (such as sinusites). 
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Figure 8. The segmented slices with T=500 HU: a) big threshold; b) appropriate threshold; c) small threshold. 
As shown in Fig. 8., the constant threshold may give different results for different cases. Very important is also a process 
of segments division. Depend on the iteration count of a process erosion, we can take different count of segments 
(Fig. 9.). Some structures can be combined in a one structure. In addition, elimination of small segments (using the 
feature of area) can lead to losing the small and important parts of aeronasal cavities. That is why we need to work on the 
improvement of this process. 
a) b) c) d) 
       
Figure 9. The slice division: a) initial slice; b) one iteration of erosion; c) five iterations of erosion; d) ten iterations of 
erosion. 
 
6. CONCLUSIONS 
The study examined the current status of actual problems in the medical image processing26-33. The papers show the 
necessary to develop the specialized technique for structured segmentation of nasal airways. We develop the technique 
for structured segmentation of nasal airways, which use spatial information of segmented slice. This technique has its 
advantages and disadvantages. We need to improve that technique for doing segmentation of not standard cases and 
making more detailed anatomical segmentation. Segmented data can be used for numerical analysis of nasal airways, 
namely, to calculate their aerial resistance. An important step in the next study is to develop a generalized method of 
segmentation of the airway. In addition to direct segmentation method, it should isolate features geometry that is 
segmented. This will be obtained with an additional information which can be used for tasks assessment of a nasal 
surgery as well as after this process, for modeling of the operational impact and the obtained results. The next stage of 
this work will be to improve the proposed approach and utilization of that approach for the tasks of numerical and natural 
functional analysis of nasal airways. That will improve the quality of functional diagnosis of the breathing.  
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